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Abstract
Tantalum nitride as a promising material for applications has attracted considerable interest due to such promising properties as
superhardness and high temperature stability. In this paper, the TaN films were deposited on the single crystal superalloy by radio
frequency (RF) reactive magnetron sputtering in an argon-nitrogen atmosphere. The effect of gas pressure on the mechanical
property, morphology, phase structure, residual stress, tribological property of the films is investigated by scanning electron
microscopy (SEM), X-ray diffraction (XRD), X-ray stress measurement and SRV friction and wear test, respectively. The results
show that the partial pressure of N2 has a great influence on the phase structure, residual stress and nano-hardness.
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1. Introduction
Tantalum nitride as a promising material for applications has attracted considerable interest due to such
promising properties as good resistance to wear and oxidative corrosion, superhardness, high strength and toughness
even at elevated temperature, high thermal stability and superior thermal conductivity (Kanamori, 1986, Kaloyeros
et al., 1999, Wang et al., 1998). At present, a few researches have been done on the electrical properties or corrosion
resistance of tantalum nitride film (Au et al., 1990, Ayerdi et al., 1994, Ayerdi et al. 1995), but few have been done
on the residual stress and tribological properties of tantalum nitride film.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Chinese Heat Treatment Society 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
439 Erbao Liu et al. /  Physics Procedia  50 ( 2013 )  438 – 441 
In this study, the TaN films were deposited on the single crystal superalloy by radio frequency (RF) reactive
magnetron sputtering in an argon-nitrogen atmosphere. The effect of gas pressure on the mechanical property,
morphology, phase structure, residual stress, tribological property of the films is investigated by scanning electron
microscopy (SEM), X-ray diffraction (XRD), X-ray stress measurement and SRV friction and wear test,
respectively.
2. Experimental methods
The tantalum nitride films were prepared by sputtering tantalum in a mixture of nitrogen and argon with the high
vacuum magnetron sputtering system of JGP450-PECVD200. The Ta target is of 99.99% purity with the dimension
of 60mm in diameter and 3mm in thickness. The work gas of Ar and N2 is of 99.99% purity. The tantalum nitride
films were sputter deposited on well-cleaned bare Si wafers with a distance of 70cm from the Ta target under
different N2 partial pressure by controlling the flow rate of N2 and Ar, which is listed in Table 1. The surface
morphology, surface roughness and the phase structure are analyzed with the field emission scanning electron
microscopy (FESEM), atomic force microscope (AFM) and X-ray diffraction (XRD), respectively. The residual
stress produced during the film preparation is examined with the X-ray stress analyzer of X-350 A. The hardness
and elastic modulus of the films were tested with the nano-indenter system.
Table 1 Flow rate of N2 and Ar used for depositing tantalum nitride films
Gas
Flow rate (sccm)
Sample 1 Sample 2 Sample 3
N2 2 4 8
Ar 18 16 12
The tribological properties of the tantalum nitride were tested using the SRV friction and wear tester. The
counterbody used for ball-on-disk reciprocating friction is Si3N4 with a diameter of 6 mm. The ball reciprocates
within 1 mm for 2 min during the friction test and the load kept at 10 N with the frequency of 10 Hz.
3. Results and discussions
The surface morphology of Ta-N films deposited under different N2 partial pressure is given in Fig. 1. There is no
obvious difference in thickness between samples prepared under different gas ambient, but the films deposited under
higher N2 partial pressure get better crystal shape and more dense profile.
The deposited atoms firstly condensed into crystal nuclear of “island” shape, and then some of them will merge
together, while others keep growing according to their own direction. When these crystals finally touch each other,
there will be some “gaps” left because of their different orientation.
With the increase of the N2 partial pressure, the merger of the island becomes easier and less gaps is left, making
the film more compact and changing its mechanical properties.
The phase structures deposited under different N2 partial pressure are given in Fig. 2. The crystallinity of the
films increases with the increase of N2 partial pressure. The diffraction peaks by angles correspond to the crystal
plane of (111), (200) and (220), respectively. When the flow rate ratio of Ar: N2 is 18:2, the peak intensity is small,
which means a low crystallinity in the film. When it reaches 16:4, the diffraction intensity of (111) plane becomes
very high and sharp, suggesting a complete transformation from amorphous to cubic crystal. When the partial
pressure of N2 further increased, the diffraction intensity of (200) plane is increased, while the diffraction intensity
of (111) and (220) plane significantly reduced, which indicates that the preferred orientation of the Ta-N films have
changed.
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Fig. 1 Surface morphology of TaN films deposited under the N2 flow rate of (a) 2, (b) 4 and (c) 8
The XRD results correlate with previous studies regarding the effect of changing nitrogen flow rate on the phases
of Ta-N films formed on SiO2-Si (Min et al., 1996, Ding et al., 1997, Schauer and Roschy, 1972). That is, thin films
of a -TaN, Ta2N and c-TaN are formed as nitrogen flow rate is increased. The EDS test results consistent with the
XRD results, the atomic ratio of Ta: N gradually changed from 2:1 to 1:1 as the N2 partial pressure increased.
Fig. 2 Phase structure of Ta-N films deposited under different partial pressure of N2
The residual stress of the films is listed in Table 2. The residual tensile stress in the film increases with the N2
partial pressure.
The increase of N2 partial pressure raises the reaction probability between N2 and Ta, and the TaN content in the
film increase. The radius ratio of N and Ta is 0.75/2.09=0.359<0.59, so the formed compound is an interstitial phase
with simple crystal structure. The density of TaN is 14.4g/cm3, smaller than that of Ta 16.6g/cm3. With the flow rate
of N2 increases the density of the film decreases, which lead to great tensile stress in film.
Table 2 Residual stress of Ta-N films deposited under different flow rate of N2
Samples 1 2 3
Residual stress (MPa) 198 349 1010
Fig. 3 Friction coefficient of Ta-N films deposited under different partial pressure of N2
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Fig. 3 shows the friction coefficient of films prepared under different N2 partial pressure. The friction coefficient
of the 3 kinds of film has little difference successively experiencing 3 stages that is, breaking-in, steady wear and
severe wear. The morphology of films after friction test shows that plough and peeling appears on Ta-N films.
4. Conclusion
(1) TaN films of a -TaN, Ta2N and c-TaN are formed as nitrogen flow rate is increased from 2 to 4 and to 8 sccm.
(2) The residual tensile stress increased with the N2 partial pressure.
(3) The friction coefficient of the films is slightly influenced by the N2 partial pressure.
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